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(71) We. Monsanto Company a cor- 
poration organised under the laws' of the 

of 800 North Lindbergh Boulevard Sr 
5 Louis 66. State of Missouri, United States 
of America, do hereby declare the invention 
ror which wc pray that a patent may be* 
granted to us. and the method by which it 
is to be performed, to bo particularly de- 
10 3cribed in and by the following statement 
ine pcasent invention relates to a catalytic 
reactor for use in Quidized bed operations 
More particularly, the present invention re- 
Jates to a catalytic reactor for use in the 
15 production of unsaturated aldehydes and 
■ acids from olefins and oxygen or the pro- 
duction of unsaturated nitrilea from olefins 
oxygens and ammonia. 

™ . Tbe 0 ^ a ^ n of okkw 10 produce uu- 
saturated aldehydes and acids or the am- 
moxidatlon of . olefins to produce unsatur- 
ated nimles is well known. In particular 
the production of acrylonitrile from the re-' 
action of oxygen, propylene and ammonia 
is a Widely used commercial process The 
above processes are generally carried out in 
a fluidized bod reactor whewin the reacrants 
arc passed upwardly through a suitable cata- 
lyst, the products and any unreactcd start- 
*u tng materials being removed from the too 
of the reactor. Hie catolysf used in these 
processes have been fully described in the 
R£ *& tf- l or * XQm P*- U-S. Patent 
i< d 9 ' S % BrJt,sh Palcnt *MM6. British 
35 Patent 876.446. U.S. Patent 3,198,750, Ed 
US. Patent 3.254,110. In general, these cata- 
lysts are quite expensive and consequently 
it is necessary that the utmost efficiency be 
achieved m their use. Any unneceasary loss 
40 or deactivation of the catalyst must be 
avoided to minimize operating costs. Since 
these catalysts must bo kept in their oxi- 

7^ lf* X V° rCtaia activif y- " "» wpedicnt 
that they be maurtained in contact with the 
* J oxygen used in the processes. 



Most fluidized bed reactors arc composed 
basically of a suitable chamber in tho lower 
portion of which is mounted a perforate 
distributor plate which serves ihe dual pur- 
pose of supporting the catalyst and cUfrusinjr SO 
the gaseous reactants upwardly thereinto at 
a rate sufficiently high enough to effect fluid- 
nation of the catalyst. 

In many reactors presently employed in 
too above described oxidation and ammoxi- 55 
dation processes, there ts a tendency for the 
catalyst to accumulate near the inside wall 
of the reactor on the perforate plate ie 
in the corners of the reactor where tho in- 
side walk and the perforate plate are joined. 60 
This ; unfluidized catalyst which accumulates 
in the corners is subject to reduction due 
a } C ? Ct lhat lt 15 001 maintained in the 
flmajzed-oxidizing section of the reactor' 
> e , it ia not adequately contacted by the 65 
oxygon of the feed reactants. In commercial 
reactors employing large charges of catalyst 
this accumulation can become significant 
and results in high catalyst cost plu, de- 
creased production of the desired, products. 70 

it is. therefore, an object of the present 
invention to provide an improved catalytic 
reactor for use in fluidized bed operations, 
the improvement consisting in an arrange- 
ment whereby minimum stagnation of the 7< 
catalyst occurs. " 

The reactor of the present invention com- 
prises a housing, a distributor plate mounted 
transversely in the lower portion of the* 
bousing; and joined at its periphery to the 80 
wall of the housing, means for introducing 
- fluid reactant into the housing below the 
distributor plate, a conduit within the hous- 
ing located above and adjacent the peri- 
pheral area of the distributor plate and hav- or 
mg a plurality of orifices facing the said- 
area, means for introducing a fluid into the- 
conduit and means for removing reactor 
effluent from the upper portion of the nous. 
ing ' 90 
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In a particular embodiment of the inven- 
tion, tho reactor comprises a housing for en- 
closing a bed of catalyst fluidizable by pass- 
age of fluid upwardly charcthrougb; a dis- 
5 tributor plate mounted in said housing above 
its lower end to support 6aid catalyst, & 
plenum being formed in the space bounded 
by said distributor plate and said lower end 
of said housing; means for introducing at 

10 least one fluid reactanc into said plenum and 
thener upwardly through said distributor 
plate through said catalyst; an anuulir con- 
duit mounted substantially concentrically 
in said housing above said distrib- 

15 utor plate, said conduit having a plur- 
ality of orifices facing said distributor plate; 
means for introducing a fluid into said con- 
duit, said conduit being positioned such that 
said fluid, upon passing through said ori- 

20 flees, servos to fluidize catalyst accumulated 
adjacent the outermost portion of said dis- 
tributor plate: and means for removing re- 
actor effluent from the upper portion of said 
bousing. 

In the accompanying drawings: — 
Figure 1 is a partial elevation with parts 

broken away and in section of the reactor 

of the present invention. 
30 Figure 2 is a view of Figure 1 taken along 

the line 2-2. 
Figuro 3 is a view of Figure 1 taken along 

the line 3-3 showing the secondary react ant 

feed distributor. 
35 Figure 4 is an enlarged sectional view 

taken along the line 4-4 of Figure 2. 

While the description given herein will be 
with reference to a process for tho produo 

40 tion of acrylonitrile from oxygen, propyl- 
ene and ammonia, it is to be understood 
that the present invention is useful in any 
fluidized bed operation where accumulation 
and non-fluidizanon of catalyst is to be 

-l> avoided, and where the fluid may be either 
liquid or gas. 

At least one of the fluid reactants is intro- 
duced via conduit 10 into a plenum 11 
formed by the bottom walls of reactor 12 

50 and distributor plate 13. The reactant or 
reactants pass through the nozzles 14 at- 
tached to the bottomside of distributor plate 
13 and thence upwardly through the cata- 
lyst shown generally at 15. For simplidty, 

55 the nozzles 14 arc shown as welded at 16 
to the bottom of the distributor plate 13. 
However, it is obvious that numerous other 
methods of attaching the nozzles to the bot, 
torn of the distributor plate may be em- 

40 ployed. Tbc reaction products plus any un- 
reacted starting material are removed from 
the upper part of reactor 1? by a suitable 
means (not shown). Distributor plate 13, as 
shown, and in the preferred embodiment is 

$5 dish-shaped, tho greater central portion of 



distributor plate 13 being substantially 
planar while the outermost portions adjoin- 
ing the walls of reactor 12 are concave. It is 
to be understood, however, that a completely 
flat ox completely concave distributor plate 
may also be used. Sparger ring 17 which is 
an annular conduit, preferably having a cir- 
cular cross-section, is positioned concentric- 
ally within reacLor 12 in tbc corner formed 
by the intersection of the inside walls of re- 7S 
actor 12 and the outermost portion of dis- 
tributor plate 13, sparger ring 17 being held 
in place by mounting brackets 18- Sparger 
ring 17 contains a plurality of orifices which 
in tbc preferred case are equally spaced and HO 
have shrouds 19, shrouds 19 being attached 
by welding 20 to ring 17. While orifices 21 
arc seen to have a smaller diameter than the 
inside diameter of shrouds 19. this is a pre- 
ferred embodiment only and is not a neces- 85 
sary feature. Feed line 22 supplies a fluid to 
sparger ring 17. Line 22. as shown, is in open 
communication with reactant feed line 10 
such that the fluid passing through line 22 
into sparger ring 17 and thence out of orifices 90 
21 and abrouds 19 into the earners of reactor 
12 is a portion of the fluid reactants being 
fed into plenum 1L The fluid passing 
through sparger ring 17 and thence out of 
orifices 21 and shrouds 19 has the effect of 95 
fluidizing any quiescent catalyst shown 
generally at 23 as a heavier concentration 
of catalyst which may accumulate in the 
corners of reactor 12, As also seen in Fig- 
ures 1 *nd 3. reactor 12 contains a second- 100 
ary feed distributor system whereby at least 
one or more fluid reactants can be fed 
directly to the catalyst bed. The secondary 
reactant feed distribuntor system comprises 
a main line 24 which is in open communic- 105 
ation with a plurality of pipes 25, As 
shown, pipes 25 are sealed on one end, the 
other end being connected to lino 24. Pipes 
2J and line 24 have a series of uniformly 
distributed orifices 26 in the bottom side no 
facing the orifices in distributor plate 13, 
Shrouds 27 attached ro the bottom side of 
pipes 25 and line 24 direct the fluid passing 
Through orifice 26 into the_catalyst bed 15 
and serve to reduce the velocity of the fluid J 15 
entering the bed. As will be obvious to those 
skilled in the art, the design of the second- 
ary distributor system shown is merely illus- 
trative of many types of such systems which 
can be employed. 120 

A reactor basically as described above 
was employed in the synthesis of acryloni- 
trile. The reactor had an inside dia- 
meter of approximately 22 ft The pipe 
from which the sparger ring was con- 125 
structcd had an inside diameter of approxi- 
mately 4" and the orifices on die bottom 
portion facing distributor plate 13 had a 
diameter of approximately 7/16 of an inch 
and a 6-9/16 center-to-center spacing. The 130 
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shrouds around the orifices consisted of 6" 
lengths of 3/4" schedule 40 standard pipe. 
Hie sparger ring was positioned within the 
reactor such that it was approximately 4" 
5 from the inside wall, the bottom of the 
shrouds being approximately 4" from the 
concave portion of the distributor plate. 
The feed line to the sparger ring consisted 
of a 4" diameter pipe mounted through the 

10 reactor wall and welded to the sparger ring. 
A 6" diameter feed line to the sparger ring 
was also connected to the main it actor food 
line going to the, plenum. 
In an actual plant run for the synthesis 

15 of acrylonitrUe employing the reactor with- 
out a sparger ring and using a feed mixture 
of ammonia, propylene, air and steam with 
an antimony oxide-molybdenum oxide 
based catalyst, ic was found that a build-up 

20 of quiescent catalyst occurred on the outer- 
most portion of the distributor plate nearest 
the inside walls of the housing. Under very 
similar conditions but using a reactor as de- 
scribed herein with the sparger ring, no 

25 catalyst accumulation was noted on the 
outermost portions of the distributor plate. 
In other words, the use of the reactor here- 
in with the sparger ring rninimized the pre- 
sence of quiescent catalyst in the reactor. 

30 Aj mentioned above, the oxidation ox am- 
moxidailon of olofins employs catalysts of 
relatively high cost When the catalyst is in 
a quiescent stato in the reactor, it is not in 
the oxidizing-fluidizing portion thereof with 

35 the consequence that it may undergo reduc- 
tion- The reduced catalyst displays loss of 
selectivity and activity which results in 
lower product make and increased catalyst 
cost 

40 The materials of construction of the re- 
actor, distributor plate, secondary distribu- 
tor, sparger ring, etc.. are purely a matter 
of choice depending on the reaction being 
carried out. All that is necessary is that 

45 the materials be of a typo suitable to with- 
stand the reactanta, temperatures and press- 
ures employed in the reaction being carried 
our, 

The type, size, etc., of the nozzles on the 

50 distributor plate and tho secondary distribu- 
tor is a matter of choice depending on the 
precise reaction being carried out. Also, 
while in the above description the nozzles 
are shown as being on the bottom aide of 

55 the distributor pJate, distributor platos hav- 
ing nozzles extending upwardly into the jre- 
actor housing can also be employed. When 
, the reactor herein is used for the produciion 
of aldehydes, acids or nitriles as described 

^0 above, it is preferred to use a distributor 
plato with downwardly pointing nozzles. 

Tho size of the sparger ring, the size, 
number and. spacing of the orifices, the alto 
of the feed line to the sparger ring and the 

*S5 diameter and lerigth of the shrouds around 



the orifices, in general, aro dictated by the 
size of the reactor being employed. Usually, 
however, the orifices in the sparger ring 
will not be greater than 1" in diameter and 
the spacing not greater than 24" on centers. 70 
The diameter of the feed line to the sparger 
ring can be smaller than, equal to, or .greater 
than the diameter of tho sparger ring itself. 

The feed lino to the sparger ring need not 
be connected to the main feed conduit, i.e. 75 
it is not necessary that the fluid passing to 
the sparger ring be the same as the main 
reoctant feed although in the preferred case 
tho sparger ring feed and the main reactant 
feed are the same. Furthermore, although 80 
only a single feed line is shown to the spar- 
ger ring, a plurality of feed lines can be used 
if desired. Likewise, a plurality of feed con- 
duits to tho plenum of tho reactor can be 
employed rather than one as shown. While 85 
the reactor, as shown, contains a secondary 
feed distributor to feed fluid reaclants di- 
rectly into the catalyst bed, it is to bo under- 
stood that this is a preferred and not a 
necessary feature of the reactor. It is entirely 90 
possible to operate the reactor in the ab- 
sence of any secondary feed distribution sys- 
tem. Furthermore, while, as described, the 
feed to the plenum in the bottom of tho re- 
actor and the secondary feed distribution 95 
aro separate, they need not be. It is possible 
and may in some cases be desirable that 
the secondary feed distributor system be 
used to feed the same rcactants to the cata- 
lyst directly as are being fed to the plenum 100 
located in the bottom of the reactor. As will 
be obvious, this can be accomplished merely 
by connecting line 24 to line 10 is some ap- 
propriate fashion In general, when a 
secondary feed distributor system is euv 105 
ployed, it will be located in tho bottom quar- 
ter of tho reactor in order to provide ade- 
quale mixing of the reactanta at tho base of 
the fluidized bed. As is the case with the 
nozzles on the distributor plates in the hot- 110 
torn of the reactor, the shrouds on the 
aocondary feed distribution system can be of 
various lengths depending on the exact con- 
figuration of the reactor ond its intended 
use. , 15 

The sparger ring should be positioned 
within the housing uniformly abovo tho dis- 
tributor plate and such that the fluid passing 
through tho orifices and shrouds will fluid- 
ize any quiescent catalyst which has *ao 120 
cumulated at the outermost portions of the 
distributor plate. Obviously, the precise 
positioning will depend on the catalyst pro- 
perties and tho reactor parameters, la gene- 
ral, however, the sparger ring will bo loc- 125 
ated such that tho perpendicular distance 
from a plane determined by the bottom side 
of the sparger ring to a piano determined by 
the planar upper surface of the distributor 
plato 18 noi greater than 1 ft. As noted the 130 
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sparger ring is mounted concentrically with- 
in the reactor housing. Generally speaking, 
tht diameter of the circle determined by the 
iparger ring will be at least 90% of the 
5 inside diameter of the reactor housing. 
While not showing in the drawings, ii is 
obvious that the reactor herein may have 
other features. For example, cyclone separ- 
ators located in the upper portions of the 

10 roactor are generally employed to separate 
catalyst mechanically carried upward by the 
reaction fluids. The cyclone separators 
which are well known can be of various 
designs. Furthermore, the reactor may be 

15 equipped with devices such as temperature 
and pressure measuring elements, moans to 
introduce gases into the central portion or 
the reactor housing, heat exchanging sys- 
tems to add or to remove heat to the catlyst 

20 and the like. 

As has been pointed out. tho reactor here- 
in finds special usage in the oxidation and/ 
or ammoxidation of olefins to produce un- 
saturated acids, aldehydes and nitriles. It is 

25 obvious, however, that the reactor has utility 
in any fluidlzed bed operation where a re- 
actor of similar design is employed and 
where there exists the possibility of quies- 
cent catalyst build-up on the outermost por- 

30 tioo of the distributor plate. 

WHAT WE CLAIM IS: 

1. A roactor for carrying out fluidiscd 
bed reactions comprising a housing, a dis* 

35 tributor plate mounted transversely in the 
lower rjortion of the housing and joined at 
irs periphery to the wall of the housing, 
means for introducing a fluid readout into 
the bousing below tho distributor plate, a 

40 conduit within the housing located above 
and adjacent the peripheral area of the dis- 
tributor plate ana having a plurality of ori- 
fices facing the said area, means for intro- 
ducing a fluid into the conduit and moans 

45 for removing roactor effluent from the upper 
portion of the housing. 

2. A catalytic reactor comprising: 

a housing for enclosing a bed of cata- 
lyst fluidizable by passage of fluid upwardly 
50 therethrough; 

a distributor plate mounted in said 
housing above its lower end to support said 
catalyst, a plenum being formed in the space 
bounded by said distributor plate and said 
55 lower end of said housing; 



means for introducing at least one 
fluid reactant into said plenum and thence 
upwardly through said distributor plate 
through said catalyst; 

an annular conduit mounted subsxan- 60 
bally concentrically in said housing above 
said distributor plate, said conduit having 
a plurality of orifices facing said distributor 
plate; 

means for introducing a fluid into said 65 
conduit, said conduit being positioned in 
said housing such that said nurd upon pass- 
ing through said orifice serves to fluTdlze any 
quiescent catalyst accumulated adjacent the 
outermost portion of said distributor plate; 70 
and 

means for removing reactor effluent 
from the upper portion of said housing. 

3. A reactor according to Claim 2 
wherein the distributor plate has a plurality 75 
of uniformly distributed substantially cir- 
cular orifices, the orifices having nozzles ex- 
tending downwardly from the distributor 
plate into (he plenum. 

4. A reactor according to either of 80 
Claims 2 and 3 wherein the distributor is 
substantially dish shaped, the greater cen- 
tra! area of The plate being planar, and the 
outermost portion of the plate adjacent the 
interior walls of the housing being substan- 85 
dally concave in shape. 

5. A reactor according to any of Claims 
2 to 4 wherein the orifices in the conduit 
axe substantially equally spaced. 

6. A reactor according to any of Claims 90 
2 to 5 wherein the orifices in the conduit 
are shrouded. 

7. A reactor according to any of Claims 
2 to 6 wherein the means for introducing a 
fluid into the conduit is connected to the 95 
means for introducing the fluid reactant into 
tho plenum. 

8. A reactor according to any of Claims 
2 to 7 having a means for feeding at least 

one fluid reactant directly into the fluid ized 100 
bed above the distributor plate, 

9. A reactor according to either of 
Qaimi 1 and 2 substantially as described 
with reference to the accompanying draw- 
ings. 105 

J. C. LUNT, 
Chartered Patent Agent, 
Monsanto House* 
10-18, Victoria Street, 
London, S.W.I. 
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